We conducted a retrospective case review to determine if the presence of an Accreditation Council for Graduate Medical Education (ACGME) fellowship-trained pediatric anesthesiologist improves efficiency during pediatric tonsillectomies and adenotonsillectomies in hospitals that do not have dedicated pediatric operating rooms and, if so, to determine which specific anesthesia practices might account for such a difference. We reviewed the charts of all patients aged 12 years and younger who had undergone a tonsillectomy or adenotonsillectomy from Jan. 1, 2008, through Aug. 1, 2013 A total of 75 cases met our eligibility criteria. We compiled information on patient demographics, surgical time, anesthesia time, and anesthesia practices. Our primary study outcome was the amount of anesthesia-controlled time (ACT), which is the sum of time spent in induction and emergence.
Introduction
Efforts to make healthcare more affordable have focused on incentivizing high-quality patient care at decreased cost. This includes efforts to use resources more efficiently. Operating room (OR) time is expensive, with the costs at one institution estimated to be $20 per minute. 1 Reducing wasted time in the OR is one way to contribute to the containment of healthcare costs.
The time a patient spends in the OR can be divided into two portions:
• anesthesia-controlled time (ACT), which is the time during which the anesthesiologist is the primary provider, measured as the sum of time spent in induction and emergence; and
• surgical time, which is the time during which the surgeon is the primary provider.
More than 536,000 pediatric tonsillectomies are performed each year in the United States. 2 These cases, which require intubation and general anesthesia, are completed relatively quickly. Because surgeons often perform several tonsillectomies in sequence, a relatively large proportion of this time may involve ACT.
Pediatric anesthesiology is a subspecialty within the field of anesthesiology and is recognized by the Accreditation Council for Graduate Medical Education (ACGME), which offers fellowship training. However, fellowship training is not required to administer anesthesia to pediatric patients.
Previous work has shown that the amount of ACT for patients who undergo adenotonsillectomy at an academic tertiary care hospital is shorter when these operations are performed in a dedicated pediatric OR staffed exclusively by pediatric anesthesiologists and nurses, compared with those surgeries performed in a general OR. 3 However, hospitals with smaller volumes of pediatric patients and fewer resources may find that it is not feasible to establish a dedicated pediatric OR. In such cases, one strategy has been to use a pediatric anesthesiologist in a general OR to staff pediatric cases.
At San Francisco General Hospital (SFGH), some tonsillectomies and adenotonsillectomies are staffed by a pediatric anesthesiologist and others by a general anesthesiologist. The type of staffing depends on the availability of the anesthesia providers rather than on the type of case or a particular patient's characteristics, including age.
In this article, we describe our study to determine if ACTs for pediatric tonsillectomies are shorter in ORs staffed by a pediatric anesthesiologist compared with ORs staffed by a general anesthesiologist. A secondary goal was to examine any differences in anesthesia practices related to these two types of anesthesiologist.
Patients and methods
We conducted a retrospective case review of all patients aged 12 years and younger who had undergone a bilateral tonsillectomy or adenotonsillectomy at SFGH from Jan. 1, 2008, through Aug. 1, 2013. SFGH is the public safety-net hospital for the city and county of San Francisco. The hospital is affiliated with the University of California, San Francisco (UCSF) School of Medicine and is staffed by UCSF faculty, UCSF residents, and certified registered nurse anesthetists (CRNAs).
During the study period, anesthesia was administered by faculty, residents, or CRNAs in the Department of Anesthesiology and Perioperative Care, and the surgeries were performed by otolaryngology faculty and residents.
We obtained our study data from anesthesia case records. We compiled information on the attending anesthesiologist, attending surgeon, patient demographics, American Society of Anesthesiologists (ASA) Physical Status classification, the types and quantities of medications administered, end-tidal sevoflurane concentration at the time of extubation, the duration of surgery, and the duration of anesthesia as defined by the Association of Anesthesia Clinical Directors. 4 • Anesthesia induction time is measured from the time a patient enters the OR to the time he or she is ready for surgical positioning or skin preparation.
• Anesthesia emergence time is measured from the time a surgical procedure concludes until the time a patient leaves the OR.
• ACT is the sum of the anesthesia induction and anesthesia emergence times. 3 During the study period, 86 surgeries had been performed-83 adenotonsillectomies and 3 bilateral tonsillectomies. Of these, 24 cases had been staffed by a single ACGME fellowship-trained pediatric anesthesiologist, and the other 62 had been staffed by 23 different general anesthesiologists. These surgeries had been staffed by 12 different attending surgeons.
We limited our analysis to bilateral tonsillectomies and adenotonsillectomies because the anesthetic and surgical techniques used in these two procedures were relatively unchanged during the study period. Both require general anesthesia with an endotracheal tube, and the typical duration of surgery is relatively short, rendering ACT as a relatively large proportion of the time spent in the OR. We did not include in our analysis any patients who had undergone any additional procedures, such as bilateral tympanostomy tube placement or bilateral inferior turbinate reduction, leaving us with 20 cases staffed by the pediatric anesthesiologist and 55 by the general anesthesiologists.
Since our study included only a single pediatric anesthesiologist who also treats patients older than 12 years, we performed a post hoc analysis to determine whether the differences observed in anesthesia times could be the result of characteristics attributable to this individual anesthesiologist.
Statistical analysis. Statistical analysis was performed with the Statistical Package for the Social Sciences software and Microsoft Excel.
The following variables were examined and compared with a two-tailed Student t test: patients' age, the date of surgery, body weight percentile, surgical time, morphine equivalents administered, 5 benzodiazepine premedication administered, induction time, emergence time, and ACT.
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The chi-square test was use to analyze ASA classification, the date of surgery in relation to cold and flu season (Oct. 1 to April 30), anesthesia resident and CRNA involvement, and benzodiazepine premedication. Uni-and multivariate regression analyses were also performed.
A post hoc analysis was performed with ANOVA and the Tukey test to compare ACTs for both the pediatric and general anesthesiologists according to patients' age (≤12 vs. >12 yr). Data are presented as a mean ± SD. Statistical significance was assumed at p < 0.05.
Ethical considerations. This study was approved by the UCSF Committee on Human Research.
Results
There were no statistically significant differences between the cases attended by the pediatric anesthesiologist and the general anesthesiologists in terms of patients' age, body weight percentile, ASA classification, the level of anesthesia assistant training (resident, CRNA, or none), the date of surgery, or surgical time (table 1) .
Analysis showed that the induction time, emergence time, and ACT were all significantly shorter in the cases attended by the pediatric anesthesiologist than in those attended by the general anesthesiologists. The mean induction time and the mean emergence time were both 7 minutes shorter, resulting in an ACT shorter by 14 minutes (table 2) .
We compared ACTs between the pediatric anesthesiologist and the general anesthesiologists treating adolescents and adults who underwent bilateral tonsillectomy or adenotonsillectomy during the study period. This analysis demonstrated no significant difference in ACTs, suggesting that our findings in the pediatric population are not solely explained by characteristics of the pediatric anesthesiologist in our study.
We also compared ACTs for the younger and older patients between the two types of anesthesiologists. This revealed that the mean ACT for the general anesthesiologists treating pediatric patients was significantly longer than the ACTs for both the pediatric anesthesiologist treating pediatric patients and the general anesthesiologists treating adolescents and adults (figure).
Univariate analyses revealed no statistically significant difference between the pediatric anesthesiologist and the general anesthesiologists in the dosing of narcotics (0.19 ± 0.12 vs. 0.24 ± 0.24 mg/kg morphine equivalents; p = 0.41) or propofol (1.7 ± 1.3 vs. 2.1 ± 1.8 mg/kg; p = 0.33). The pediatric anesthesiologist administered midazolam premedication significantly more often than did the general anesthesiologists (100 vs. 82%; p = 0.04). We were unable to assess end-tidal IMPACT OF A PEDIATRIC ANESTHESIOLOGIST ON OPERATING ROOM EFFICIENCY DURING PEDIATRIC TONSILLECTOMIES AND ADENOTONSILLECTOMIES sevoflurane concentrations at the time of extubation because they were not consistently documented.
Linear regression analyses were performed to determine if specific patient characteristics or drug dosages correlated with anesthesia times, irrespective of the anesthesiologist's training status. We found that administration of higher doses of midazolam significantly correlated with faster induction times and that patients in ASA class 3 experienced significantly slower induction times (p < 0.05). No other patient or drug characteristics were significantly associated with anesthesia times.
Finally, a multivariate linear regression model was designed to determine if patient characteristics or drug dosing patterns could account for the shorter anesthesia times of the pediatric anesthesiologist. We found that no single variable or combination of variables appeared to explain this difference (data not shown).
Discussion
Changes in reimbursement models are encouraging many institutions to review their hospital practices, streamline their operations, and engage clinicians in revising practice patterns. One area of potential operational improvement and cost containment is the OR. We chose to focus our study on the ACTs for pediatric tonsillectomy and adenotonsillectomy because anecdotally we had observed inefficiency in this setting.
Our study demonstrated significantly shorter ACTs for pediatric tonsillectomy and adenotonsillectomy patients when operations were staffed by the pediatric anesthesiologist rather than general anesthesiologists in our academic public hospital, which does not have a dedicated pediatric OR. Staffing by the pediatric anesthesiologist was associated with shorter induction and emergence times, resulting in an ACT that was 14 minutes shorter and that demonstrated less variability.
We believe that this is clinically significant because many of these cases are being performed in succession, multiplying the time savings through the course of a day. For instance, assuming a surgical time of 45 minutes and an OR turnover time of 30 minutes, a savings of 14 minutes per case over the course of a 10-hour surgical day would allow for 1 additional case to be performed (6 vs. 5) . This could in turn lead to increased revenue.
A study by Nafiu et al indicated that the average charge for an adenotonsillectomy is approximately $4,000. 6 Based on the cost estimate of $20/min for OR time reported by Park and Dickerson, 1 14 fewer minutes of ACT would save hospitals $280 per case. In a public hospital or similar setting where reimbursement does not play a major role in driving operations but where access issues may exist, increased efficiency may lead to important improvements in access to care.
It is interesting that we did not find significant differences in anesthesia practices that would account for the difference in anesthesia times observed between the pediatric groups treated by the two types of anesthesiologists. The pediatric anesthesiologist used midazolam premedication significantly more often, and this was associated with a shorter induction time for both the younger (≤12 yr) and older (>12 yr) patients, according to the post hoc analysis. Multivariate analysis did not identify any other factors that could explain the shorter anesthesia times for the younger patients treated by the pediatric anesthesiologist.
One possible explanation for the shorter anesthesia times is that pediatric anesthesiologists are more experienced and comfortable with treating children than are general anesthesiologists. This could explain a number of small differences in their practices, such as quicker decision making, subtle modifications of anesthetic dosing, quicker placement of peripheral intravenous lines, and more facile patient positioning. Furthermore, we have observed that our pediatric anesthesiologist often extubates patients who are still in the deep stages of anesthesia, which could lead to shorter emergence times. Unfortunately, we were not able to evaluate this variable since these data were not consistently available.
It is also interesting that we noted a trend toward shorter surgical times in the cases staffed by the pediatric anesthesiologist. While the difference was not statistically significant, this might have been the product of fewer interruptions during surgery to adjust the position of the endotracheal tube or the level of anesthesia, which would attest to the benefit of the greater experience and comfort level of pediatric anesthesiologists.
We acknowledge that a major weakness of our study is that it included only 1 pediatric anesthesiologist. The reason is that only 1 was employed at SFGH at the time. In an attempt to compensate for this drawback, we performed the post hoc analysis of anesthesia times for adolescents and adults who had undergone tonsillectomy during the same period to better determine if our findings could be attributed to the individual practice characteristics of our particular pediatric anesthesiologist.
It is interesting that our pediatric anesthesiologist did not have shorter anesthesia times than the general anesthesiologists when treating adolescents and adults. Furthermore, staffing by general anesthesiologists was associated with longer ACTs for younger children than for adolescents and adults. Taken together, these findings again suggest that the differences we observed in children were likely attributable to the experience and training of the pediatric anesthesiologist. However, the strength of this conclusion should be evaluated in future studies with a larger number of pediatric anesthesia providers.
Additionally, our surgical and anesthesia times were likely longer than what many surgeons would consider acceptable. We believe that the longer times were attributable to the fact that our study took place in a teaching hospital, with faculty instructing both resident surgeons and anesthesiologists. We believe that attention should be focused on the difference in anesthesia times between groups and not on overall times, as these may differ substantially depending on physician experience and setting.
Finally, it is important to consider our conclusions in context. Increased efficiency and cost savings do not necessarily result in better patient care, and it is important to note that our study did not evaluate patient safety or outcomes. However, we believe it is unlikely that the greater efficiency of a pediatric anesthesiologist would be accompanied by a decrease in quality of care, although further study would be needed to demonstrate this.
In conclusion, we believe that staffing pediatric tonsillectomies and adenotonsillectomies with a fellowship-trained pediatric anesthesiologist may be an effective strategy for increasing operating room efficiency.
